Molar and half-molar sodium lactate was efficacious (a) in restoring the heart beat following episodes of cardiac arrest, (b) ventricular standstill occurring during repeated Stokes-Adams seizures and (c) in increasing the idioventricular rate in the presence of complete A-V heart block. The increase in rate was related to the rapidity and amount of injection. These effects were associated with an increase in blood pressure and other evidences of improvement in the clinical state.
T HERE are few dependable drugs available for increasing the ventricular rate in complete A-V heart block, during prolonged sinus pauses, and following periods of cardiac arrest occurring in association with anesthesia and other states. Epinephrines,9. 19. 20 (and occasionally other sympathomimetic drugs) and Isuprel'9 are used to increase the idioventricular rate, but are not always de- Comment. Ephedrine sulphate, Neosynephrine, and atropine had no apparent effect in preventing or alleviating the attacks of ventricular standstill occurring in this patient. Because this patient's condition deteriorated rapidly, thumping on the chest was tried and ular beats at X1, which increase in frequency at X2. Note the return to complete A-V heart block with QRS complexes that resemble the control at X3. As the lactate was infused more rapidly, note increase in idioventricular rate with increasing aberration of the QRS complexes. E-Shows typical effect of administration of lactate during repeated "episodes" of ventricular standstill after ventricular beating was restored. Sodium lactate started at X after a period of ventricular standstill. Note increase in idioventricular rate, which becomes more rapid with increasing speed of lactate administration. The infusion was stopped at Xi in strip 4 increased from 88 in A to 100 in H, and that the QRS width has decreased from 0.18 to 0.14 second.
Complete A-V heart bock is still present. Necropsy. The findings of interest were referable to the heart and lungs. The heart weighed 1000 Gm. and showed evidence of both right and left ventricular hypertrophy. The aortic valves were thickened, rigid and calcified and indicated the presence of aortic stenosis. In the right auricle an organized mural thrombus was present. The right lung showed evidence of an acute infarction and the main branch of the right pulmonary artery showed a fresh embolus. The pathologic diagnoses were rheumatic heart disease, aortic stenosis and insufficiency, right and left ventricular hypertrophy and acute cor pulmonale. Death was apparently caused by acute pulmonary embolism arising from the thrombus in the right auricle. Patient now has normal sinus rhythm with a first degree A-V heart block. Sodium lactate was subsequently discontinued. The ventricular rate is 100 per minute. The QRS complexes have changed somewhat in configuration. The QRS width is 0.14 second, the P-li interval is (0.28 second. K-Two hours after cessation of sodium lactate infusion. The patient remains in normal sinus rhythm. The ventricular rate is 75 per minute; P-R is 0.28 second.
Comment. This patient, when first seen, showed a ventricular rate of 15 per minute with complete A-V heart block and bundle branch block (QRS 0.18 second). In addition, he was in a state of shock and the blood pressure was unobtainable. Within several minutes after the sodium lactate was started ventricular rates increased and the QRS complexes narrowed ( fig. 4D to H (fig. 6C ). As the rate of infusion was slowed, the ventricular rate slowed correspondingly ( fig. 6D ). Ten minutes after the end of the infusion, the atrial and ventricular rates had returned to 115 and 78 per minute, respectively, or to a figure slightly above the control values. There was no effect on the inherent or basic rhythm (complete A-V heart Block). This minute; in case 4, 240 cc. in four minutes was reqluired to increase the heart rate from 15 to 60 beats per minute. After the rate had been restored the infusion was given more slowly, at the rate of 50 to 100 drops a minute, to maintain the heart rate close to a normal figure. It is interesting that in these cases the rapidity of the heart rate varied directly with the speed of infusion and could be regulated by it. In case 1, after an infusion period of approximately two hours, the heart was maintained for long periods of time (four to five hours) without further administration during the period; in case 4, after an injection period of five hours, the heart rate was maintained without further sodium lactate administration.
Electrolyte Alterations and Fate of Sodium Lactate
When given in a dose of 7 cc. of the molar sodium lactate solution per kilogram over onehalf hour, it has been demonstrated'2 that sodium r-lactate is completely metabolized within a period of from one to two hours by normal individuals. A portion of the lactate radical is oxidized and the remainder converted into glycogen.
The lactic acid concentration increases in the blood amid reaches a concentration of 120 mg. per 100 cc. in one hour after the injection of 220 cc. of molar sodium lactate12 and usually returns to a normal level within one to two hours after the injectiom is started. In the treatment of acidosis, even though lactic acid may be abnormally high before the sodium r-lactate injection, normal values are usually seen two or three hours after the injection. This has been explained as being due to the effect of the increased blood flow on the utilization of lactic acid. The sodium ion, liberated during the oxidation of lactate or its conversion into glycogen, is transported to the kidneys for excretion largely as the bicarbonate salt. There exists, therefore, a state of alkalosis of the base bicarbonate excess type for several hours after the injection with commensurate increase in the hydrogen ion concentration of the blood. Within four hours, more than half of the injected sodium is excreted. Serum chloride levels show a reciprocal drop with the elevated carbon dioxide combiining power. 12 An increase of from 25 per cent to 50 per cent above the basal rate of oxygen consumption follows the intravenous administration of the racemic sodium lactate to lnormal human subjects when given at a rate of 7 cc. per kilogramn of bodyweight. This increase is apparently the result of the oxidation of the d-isomer.1'2 The blood sugar increases slightly and then sinks to slightly hypoglycemic levels. The intravenous administration of sodium lactate results in a significant increase in maximum tubular excretory capacity for para-aminohippuric acid in man. The average maximum increase amounted to about 30 In a second case of complete A-V heart block (case 5), the ventricular and atrial rates were significantly increased following the administration of sodium lactate. In a third case of complete A-V heart block, with occasional normally conducted beats (case 6), the complete A-V heart block was abolished and the idioventricular beats were entirely replaced by normally conducted beats.
Sodium lactate appears to have marked qualities of increasing cardiac rhythmicity while possessing little or no pressor action. Our observations in the human subject and in the experimental animal suggest that this solution possesses qualities that should be of help in the prevention and therapy of sudden cardiac standstill. In addition, it did not produce dangerous ectopic rhythms.
The dose, method of administration and fate of the sodium lactate in the body is discussed.
The possible mechanisms by which the sodium lactate produces the effects described are outlined. 
